The vertical bearing capacity of a pile greatly depends on the method of construction with which it is used. In the case of driven piles, when there is little displacement, the reaction force is comparatively high with low variability. Cast-in-place piles on the contrary when there is little displacement, have a reaction force which is low with high variability. This is due to the loosening of the ground during digging and slime deposits at the bottom of the drilling hole. Moreover, in the case of endbearing piles, the initial settlement and its variability is greater than that for friction piles, even though these piles are constructed with the same cast-in-place piling method. The design bearing capacity of piles must therefore be calculated taking these properties into account.
In this study, the design bearing capacity of the piles used in railway structures in Japan is calculated using the first-order reliability method (FORM) (Hasfer & Lind 1974) [1] . Influence of the pile construction method and the ratio of the bearing capacity at the pile end to the total bearing capacity were also considered. The important feature of this case was that these influences were calculated by carrying out a statistical analysis of data held in a database on static loading tests of actual piles. Table 1 shows an outline of the database.
2. Outline of the bearing capacity design of the pile 2. Outline of the bearing capacity design of the pile 2. Outline of the bearing capacity design of the pile 2. Outline of the bearing capacity design of the pile 2. Outline of the bearing capacity design of the pile Currently there is a limit state design method for designing the piling of railway structures in Japan [2] . The design bearing capacity is expressed as follows.
where R vd is the design bearing capacity at the pile head; R f k is the characteristic value of the bearing capacity of the skin friction of the pile; R p k is the characteristic value of the bearing capacity at the pile end; f rf is the partial safety factor of resistance of skin friction; f rp is the partial safety factor of resistance at the pile end; U is the circumferential length of the pile; r i is the intensity of the maximum skin friction at the i th layer; l i is the thickness of the i th layer; q p is the intensity of the bearing capacity at the pile end; and A p is the area of the pile end. In this study, the values with the superscript notation k denote characteristic values.
In Equation (1), the partial safety factors of the re- The design bearing capacity of piles can be calculated by multiplying the characteristic value with its corresponding resistance factor. In this study, we proposed a method for calculating these parameters from a loading test database of several different construction methods. Initially, we proposed the formula for calculating the characteristic value by using results from a ground investigation. Secondly, we proposed the resistance factor obtained from the statistical analysis of the loading test database by use of the first-order reliability method. The proposed method can be used to compare the effectiveness of various pile construction methods with the same reliability.
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T T T T (2) and R p k in (3) are defined as the resistance load when the pile end settles to a value equal to 10% of the pile diameter as shown in Fig. 1 .
It is preferable to estimate the above-mentioned values by performing a loading test with a full-scale pile on site for each project. However, in general they are estimated after prior ground investigation of the site. A proposal is made for formulae used to estimate the abovementioned values from the N value of the standard penetration test or unconfined compression strength. Furthermore, in this study, the characteristic values of the bearing capacity are set towards the lower limit and not at the average value. This is because the tradition in railway structure design standards in Japan has been to set values in the lower limit.
The first step of this study was to correct the formulae used to estimate the characteristic values of the bearing capacity. The second was to propose the partial safety factors corresponding to these corrected formulae.
3. Formulae for estimation of the bearing capacity 3. Formulae for estimation of the bearing capacity 3. Formulae for estimation of the bearing capacity 3. Formulae for estimation of the bearing capacity 3. Formulae for estimation of the bearing capacity In this study, it is possible that the intensity of the maximum skin friction r i and the intensity of the bearing capacity at the pile end q p are proportional to the N value. Moreover, it can be assumed that they have a certain upper limit. Figure 2 shows the relationship between the N value and q p of the cast-in-place pile obtained from the database. The formulae for the estimation of the bearing capacities as shown in Tables 2 and 3 are based on these results.
In order to verify the accuracy of the results obtained by these formulae, the estimated values of the pile head load during vertical load tests were compared with the measured values as shown in Fig. 3. From Fig. 3 , it is apparent that the estimated values lie in the lower limit of measured values. 
In this study, the load factor γ s is assumed to be 1.0 to ignore dispersion of the load S k . The resistance factors f rp and f rf in (4) are converted using FORM [1] as follows:
where β a is the allowable reliability index µ and σ are the average and the standard deviations, respectively, of R t / R k , obtained by the statistical analysis of the loading test database. R t is the resistance load when the pile end settles to a reference value discussed below. R k is the characteristic value of the bearing capacity as estimated using the formulae given in Tables 2 and 3. α p and α f are the sensitivity factors of resistance, which are given by
In addition, if the ratio of pile end bearing capacity p is expressed in (9), the sensitivity factors α p and α f are represented as a function of p as follows. Moreover, the partial safety factor of resistance of the skin friction f rf and partial safety factor of resistance at the pile end f rp are consolidated in the partial safety factor of total resistance f r in (12) Table 4 were set to correspond with the limit state. Table 5 shows the results of the statistical analysis of the loading test database according to the pile construction method.
Allowable reliability index Allowable reliability index Allowable reliability index Allowable reliability index Allowable reliability index
The allowable reliability index β a indicates the allowable probability that the pile will settle to a value which exceeds the reference value estimated in Table 4 . Therefore, it was conceivable that different values for β a could be obtained for each limit state, producing the set of values in Table 6. 4.4 Proposed resistance factor 4.4 Proposed resistance factor 4.4 Proposed resistance factor 4.4 Proposed resistance factor 4.4 Proposed resistance factor Therefore, this study proposes a resistance factor f r corresponding to the pile construction method and a pile end bearing capacity ratio p. Figure 4 shows the proposed resistance factor for each limit state. When the resistance factors were calculated, the underlined coefficients of variation (COV) values in Table 5 , even though under 30% were, for safety purposes, considered as 30%.
The graph of f r vs. p for the cast-in-pile method is as shown in Fig. 4 (a) . It can be seen that the resistance factor f r values for the serviceability limit state are lower when the value of p is high. On the other hand, that of the ultimate limit state is almost independent of the value of p. In other words, as the settlement or the load decreases, there is a fair increase in the uncertainty of the resistance of the end of the cast-in-place pile. T T T T Table able 
